In patients with early breast cancer, personal and tumour characteristics other than family history are increasingly used to prompt genetic testing to guide women's cancer management (treatment-focused genetic testing, 'TFGT'). Women without a known strong family history of breast and/or ovarian may be more vulnerable to psychological sequelae arising from TFGT. We compared the impact of TFGT in women with (FH+) and without (FH−) a strong family history on psychological adjustment and surgical decisions. Women aged <50 years with high-risk features were offered TFGT before definitive breast cancer surgery and completed self-report questionnaires at four time points over 12 months. All 128 women opted for TFGT. TFGT identified 18 carriers of a disease-causing variant (50.0% FH+) and 110 non-carriers (59.1% FH+). There were no differences based on family history in bilateral mastectomy (BM) uptake, p = .190, or uptake of risk-reducing bilateral salpingo-oophorectomy (RRBSO), p = .093. FH− women had lower decreases in anxiety a year after diagnosis, p = .011, and regret regarding their decision whether to undergo BM, p = .022, or RRBSO, p = .016 than FH + women. FH− carriers reported significantly higher regret regarding their TFGT choice (p = .024) and test-related distress (p = .012) than FH + carriers, but this regret/distress could not be attributed to a concern regarding a possible worse prognosis. These findings indicate that FH− women may require additional counselling to facilitate informed decisions. Carriers without a family history may require additional follow-up counselling to facilitate psychological adjustment to their positive variant results, extra support in making surgical decisions, and counselling about how best to communicate results to family members.
Psychological outcomes and surgical decisions after genetic testing in women newly diagnosed with breast cancer with and without a family history 
Introduction
Traditionally, women with breast cancer with a strong family history of breast and/or ovarian cancer are referred to a familial cancer clinic, or similar, for consideration of genetic testing following completion of surgery and adjuvant chemoand/or radiotherapy. Increasing evidence suggests that knowledge of whether a disease-causing variant is present may influence decisions about immediate breast cancer management [1] , and thus treatment-focused genetic testing (TFGT) following a new diagnosis of breast cancer is becoming increasingly widespread. In women with a BRCA1 or BRCA2 disease-causing variant, the 10-year risk of developing a new primary cancer in the ipsilateral breast is estimated at 12.9% (95% CI, 8.7-17.1) [2] . In women diagnosed with invasive breast cancer under 50 years of age, the 10-year risks for a contralateral second primary cancer are 21.1% (95% CI, 15.4-27.4) for BRCA1, and 10.8% (95% CI, 4.7-19.6) for BRCA2, variant carriers compared with 5.1% (95% CI, 4.5-5.7) for non-carriers, with a younger age at diagnosis of the first breast cancer a significant predictor of higher risk [3] . A confirmed BRCA1 or BRCA2 pathogenic variant may facilitate a decision between breast conservation followed by radiation or more radical surgery with both a therapeutic and risk-reducing intent. For carriers of a BRCA1/ 2 pathogenic variant, contralateral mastectomy has been shown to lead to a significant reduction in breast cancer related mortality [4, 5] . Carriers may also consider riskreducing bilateral salpingo-oophorectomy (RRBSO) to reduce their risk of ovarian and tubal cancers [6] and (for BRCA2) breast cancer [7] . Knowledge of whether a pathogenic variant is present may also influence choice of adjuvant chemotherapy and other targeted agents [8] .
Family history has traditionally been the major selection criteria for genetic testing, but this has significant limitations as 30-50% of carriers of a BRCA1/2 pathogenic mutation do not report a significant family history [1] , due to small family size, few female relatives, patrilineal inheritance, lower than predicted cancer penetrance, nondisclosure of relevant family cancer diagnoses or isolation from family members [9, 10] . Consequently, characteristics other than a strong family history are increasingly being used to select women for genetic testing, including triplenegative receptor status of the breast tumour, presence of bilateral breast cancer, and ethnic groups with prevalent founder variants. These expanded selection criteria, together with the introduction of multi-gene panel testing [11] , mean that an increasing number of women with no known or minimal family history will be offered genetic testing.
The impact of genetic testing in women with cancer and a strong family history is well documented [12, 13] . Studies have found that distress among carriers increases shortly after receiving results and returns to pretesting levels over time [12, 13] , and testing shortly after a cancer diagnosis does not increase distress [14, 15] . Very few studies are currently available on the psychological impact of TFGT or traditional genetic testing for BRCA1/2 variants in the subgroup of women with no knowledge of or minimal family history, and the available studies are limited to Ashkenazi Jewish people undergoing population-based screening [16, 17] . It has been argued that people participating in population-based genetic testing expect negative results (i.e., no variant to be found), and those known to be at risk based on family history expect positive results [18] . Accordingly, women with a strong family history who undergo TFGT are more likely to be aware that they are at risk of carrying a pathogenic variant and may experience lower levels of distress if identified as carriers, compared to those with no/ minimal known family history. Women with no/minimal family history may therefore be particularly vulnerable to adverse psychological sequelae arising from TFGT. Hence, there is an imperative to understand the psychological outcomes of TFGT in this group of women. This article describes the impact of TFGT on psychological adjustment and surgical decisions in women with no/minimal family history compared to women with a strong family history.
Materials and methods

Participants
The data were collected as part of a non-inferiority trial, which examined the impact of replacing one-on-one pre-test genetic counselling with brief educational materials [19] and found no difference between women based on pre-test counselling method [20] . Women were recruited through the breast clinics associated with eight participating familial cancer clinics located in three Australian states. All women aged between 18 and 49 years diagnosed with early invasive breast cancer or ductal carcinoma in-situ were eligible if they were proficient in English and had either: (i) a strong family history of breast and/or ovarian cancer (denoted FH+), or (ii) no known or a minimal family history of breast and/or ovarian cancer (denoted FH−) but a personal diagnosis of bilateral breast cancer, Ashkenazi Jewish ancestry and/or triple-negative breast cancer. The categorisation of women as having either a strong family history or a minimal family history was done according to national guidelines [21] . In particular, women were categorised as having a strong family history if they had a) 3 or more affected relatives on one side of the family, including the patient OR if they had b) 2 or more affected relatives including the patient on one side of the family plus a high-risk feature (diagnosis <40 years, bilateral breast cancer, breast and ovarian cancer in the same woman, Ashkenazi Jewish ancestry, or male breast cancer). Women were excluded if they had already had a therapeutic mastectomy or breast radiotherapy for their current cancer or genetic counselling and/or testing, diagnosis of distant metastases or lobular carcinoma in-situ only.
Eligible women were invited to participate by their treating breast surgeon and were informed they would be able to choose whether or not to have TFGT. TFGT involved germline BRCA1 and BRCA2 testing by Sanger sequencing and Multiplex Ligation-dependent Probe Amplification, with a turnaround time of eight working days from blood draw to result disclosure, at no cost to the patient. All participants received their test results in a faceto-face appointment at the familial cancer clinic attached to their treating hospital.
Measures
Women completed four questionnaires over a period of 12 months at the following times: (1) at baseline following recruitment by their surgeon, (2) 1 week after receiving brief educational materials or face-to-face genetic counselling, (3) 2 weeks following disclosure of the TFGT result, and (4) 12 months after enrolment. The following measures were included in patient questionnaires:
Sociodemographic data: were collected at baseline.
Impact of event scale (IES)
Fifteen items measured the frequency and severity of breastcancer-specific worry (range 0 to 75, with higher scores indicating more worry) [22] . The IES was administered at all time points.
Hospital anxiety and depression scale (HADS)
The 14-item HADS has two subscales measuring anxiety and depression [23] . Scores range from 0 to 21 for each subscale, with higher scores indicating more anxiety or depression. The HADS was administered at all time points.
Test-related distress and positive experiences
Six items assessed distress (range 0-30) and four items positive experiences (range 0-30) about genetic testing [24] , with higher scores indicating more distress and positive experiences. This measure was administered 2-weeks post-testing and 12-months post-enrolment.
The following measures were administered 12-months post-enrolment:
Uptake of BM or RRBSO
One item asked women whether they had a BM or RRBSO since their diagnosis of breast cancer. Response options included: "Yes, I had a BM/RBBSO", "No, I did not have a BM/RBBSO and I do not intend to have one" and "No, I did not have a BM/RBBSO but I do intend to have one". For women with missing self-report data on BM/RRSBO, surgery decisions were ascertained through medical files.
Decision regret scale (DRS) -Genetic testing choice
The five-item DRS was adapted to measure regret in relation to the decision to undergo TFGT [25] . Higher scores indicate more regret (range 0-100).
DRS -surgery choice
Women completed two different versions of the DRS to measure decision regret relating to BM and RRBSO.
Clinical information
was collected directly from the surgical teams and/or pathology reports. We combined the data concerning tumour size and grade, nodal involvement, oestrogen and progesterone receptor status, and ductal carcinoma in-situ vs. invasive cancer into one prognostic variable (favourable, intermediate, unfavourable) guided by published criteria [26] to reduce multicollinearity between clinical variables, while still capitalising on the unique variance contributed by each. Hereafter, this variable will be referred to as 'prognostic status', and it was entered into all equations to control for potential differences in prognostic characteristics between those with and without a family history.
Data analysis
Simple linear regression was used to assess outcome variables with one time point. For outcome variables with more than one time point, linear mixed effects models were used. In all models family history, presence of a pathogenic variant and time point (if relevant to the variable) were included, as was the participant's randomisation status from the original study and their prognostic status. Two-way interactions between family history, presence of a pathogenic variant and time point were also examined but were only included in the final model if they were statistically significant. Linear mixed effects models used first-order autoregressive covariance structure, as it has been shown to be more suitable for modelling growth processes and showed superior goodness of fit (Akaike and Bayesian Information Criteria) to both unstructured and standard parabolic error covariance structures [27] . Simple coding was used on family history, presence of a pathogenic variant, and time point variables to generate interpretable estimates of main effects within the framework of hierarchical linear and standard linear regression. Two categorical outcomes, decision to undergo bilateral mastectomy (BM) and RRBSO, were analysed using binary logistic regression, where age was added due to its relevance to surgical decision-making. On the basis of clinical considerations, it was decided that for the BM analysis, age was entered as a continuous variable, and for RRBSO we instead used a dichotomised version with women classified as aged ≤40 or >40 years due to the importance of age 40 as a threshold for recommendation of RRBSO in Australia [28] . All analyses were conducted in R v3.3.0 and results were considered statistically significant when p < .05.
Results
Patient recruitment took place from July 2010 to October 2012. Sociodemographic, medical and family history characteristics of the sample are detailed in Table 1 . Figure 1 shows the flow of participants through the study. Of the 128 participants included in the analyses, 107 (83.5%) also returned the 12-months questionnaire. No significant differences were found between participants who completed all questionnaires and those who did not in terms of baseline psychological characteristics as well as age and educational level. Seventy-four (57.8%) women were eligible on the basis of strong family history, while the remaining had no known or only minimal family history and were recruited based on the other risk factors listed above. Apart from FH− women being more likely to have Grade 3 and oestrogen receptor positive tumours and a better prognostic status than FH + women, there were no significant differences for the collected variables between the two groups. Eighteen (14.1%) women were found to harbour deleterious variants in BRCA1/2 with the remaining 110 (85.9%) having no such variant dentified. Of the 18 carriers of a disease-causing variant, nine (50.0%) were recruited to the study on the basis of family cancer history, and six (33.3%), two (11.1%) and one (5.6%) because of triplenegative pathology, bilateral cancer and Ashkenazi Jewish ancestry, respectively. There was cross-over between categories because surgeons were asked to indicate one eligibility criterion only. Table 2 shows the mean scores and standard deviations for all psychological variables at the four assessment time points for FH+ and FH− women, separately for carriers and non-carriers of a disease-causing variant.
Psychological adjustment
When averaged across variant status, FH-women reported significantly greater regret regarding undergoing TFGT than FH+ women (estimated difference = 5.86, p = .019; 95% CI:1.03-10.71). A significant family history by variant status interaction (p = .023) was followed by simple effects analysis, where it was revealed that, for women with no disease-causing variant found, there was no difference between FH+ and FH− women (estimated difference = 0.18, p = .931; 95% CI:−4.24-3.88), whereas for those with a disease-causing variant found, FH− women reported significantly higher regret scores than FH+ women (estimated difference = 11.55, p = .024; 95% CI: 2.80-20.30).
Legend: *RC= Research Co-Ordinator; T1 -baseline questionnaire; T2 = within one week of receiving education; T3 = 2 weeks post-disclosure of testing result; T4 = 12 months after study enrolment. Fig. 1 Flow of participants through the study RC research co-ordinator; T1 = baseline questionnaire; T2 = within 1 week of receiving education; T3 = 2 weeks post-disclosure of testing result; T4 = 12 months after study enrolment When averaged across family history and variant status, HADS Anxiety was significantly lower at post-education (2.07 units; 95% CI: 1.30-2.83), 2-weeks post-results (2.14 units; 95% CI: 1.18-3.10), and 12-months post-enrolment (2.88 units; 95% CI: 1.85-3.92) compared to baseline (all p < .001). However, there were significant interactions between time point and variant status and time point and family history. Simple effect comparisons revealed that the decrease in anxiety from baseline to post-education was 2.20 units greater for carriers compared to non-carriers (p = .005; 95% CI: 0.66-3.73) and that the decrease from post-education to 2-weeks post-results was 2.23 units greater for non-carriers than carriers (p = .006; 95% CI: 0.63-3.82). In women with a family history of cancer, the decrease in anxiety from 1-week post-education to one-year follow-up was 1.83 units greater (p = .011; 95% CI: 0.43-3.23) and from post-results to 1-year follow-up it was 1.51 units greater (p = .013; 95% CI: 0.33-2.69) than in women with no family history.
When averaged across family history and variant status, HADS depression was 1.27 units lower post-education (p < .001; 95% CI: 0.53-2.01) and 2.14 units lower 12-months post-enrolment (p < .001; 95% CI: 1.17-3.11) compared to baseline. Furthermore, depression was 1.90 units lower at 1-year post-enrolment than at 2-weeks postresults (p < .001; 95% CI: 1.11-2.69) and 1.03 units lower at 2-weeks post-results than at post-education (p = .008; 95% CI: 0.26-1.80). We found a significant time point by variant status interaction with follow-up comparisons that revealed that carriers of a BRCA1/2 pathogenic variant had a 1.79-unit greater decrease from baseline to posteducation (p = .019; 95% CI: 0.30-3.28), a 1.89-unit greater decrease from post-education to post-results (p = .020; 95% CI: 0.30-3.48), but a 1.90-unit greater increase in depression from post-education to post-results (p = .016; 95% CI: 0.36-3.45) than non-carriers. However, by 12-months post-enrolment there were no significant There was a significant main effect of time on test-related distress, with participants' distress an estimated 2.8 units lower at 12-months post-enrolment than post-results (p < .001; 95% CI: 1.51-4.25). There was also a significant main effect of variant status, with test-related distress an estimated 9.37 points higher for carriers compared to non-carriers (p < .001; 95% CI: 7.05-11.68) when averaged across family history and time. There was also a significant main effect of family history with FH+ women showing test-related distress 3.19 units lower than FHwomen, averaged across time and variant status (p = .008, CI: 0.85-5.15). Simple effects comparisons revealed that carriers of a disease-causing variant had significantly higher test-related distress than non-carriers at both postresults (estimated difference = 11.45, p < .001, 95% CI: 8.78-14.12) and 12-months post-enrolment (estimated difference = 7.29, p < .001, 95% CI: 4.56-10.00) but also had a 4.16-unit greater decrease in distress from post-results to 12-months post-enrolment compared to non-carriers (p = .004; 95% CI: 1.41-6.92). A significant family history by variant status interaction (p = .046) qualified that, for women with no disease-causing variant found, there was a non-significant difference between FH+ and FH− women of 0.8 units (p = .403; 95% CI: 1.07-2.68), whereas for those with a variant found, FH− women reported significantly higher test-related distress scores than FH+ women (estimated difference = 5.56, p = .012; 95% CI: 1.31-9.81).
Test-related positive experiences were rated significantly higher at post-results compared to 12-months post-enrolment (estimated difference 1.50, p = .036; 95% CI: 0.12-2.89; 95% CI: 0.12-2.89). Averaged across time points and family history, non-carriers had significantly more test-related positive experiences compared to carriers (estimated difference = 6.11, p < .001; 95% CI: 3.75-8.48).
Surgical decision-making
Due to low cell numbers, it was not possible to include the variant status by family history interaction for the regression on surgical uptake. For decisional regret regarding surgery analyses, it was of interest to include surgical decisions as covariates, but again low cell numbers prevented reasonable comparisons. Tables 3 and 4 show uptake of BM and RRBSO by variant status, separately for FH+ and FH− women.
Bilateral mastectomy
At 12-months post-enrolment, 44 (34.4%) women had had a BM (41 self-reported, and three as per medical records). A further 10 (7.8% of 128) of the women who completed the 12-month post-enrolment questionnaire reported intending to have a BM. Carriers of a disease-causing variant (16, 88 .9%) were significantly more likely to have had a BM than women without an identified variant (28, 25.5%), with OR = 52.41 (p < .001; 95% CI: 6.04-454.94); there were no significant differences in uptake of BM between FH+ women (23, 31.1%) and FH− women (21, 38.9%), (OR = 0.50, p = .190; 95% CI: 0.18-1.41); adjusting for age, the original study randomisation and 
Discussion
These results suggest that women with breast cancer who are referred for TFGT and do not have a strong family history report poorer adjustment up to 12 months after diagnosis. Specifically, we found that women without a family history had lower decreases in anxiety a year after diagnosis and reported more regret regarding their choice whether or not to have BM and an RRBSO. Women without a family history who carried a pathogenic variant also reported greater regret regarding the choice to undergo TFGT, and greater test-related distress.
These findings indicate that women without a strong family history are more vulnerable to psychological sequelae of decision-making regarding surgery at this time in their lives, and that this group may require additional counselling to facilitate informed decisions. Given the higher regret regarding TFGT choice and test-related distress found in carriers of a disease-causing variant without a family history, these women may require additional followup counselling to facilitate psychological adjustment to their positive variant results, extra support in making surgical decisions, and counselling about how best to communicate results to family members. In particular, carriers with no/ minimal family history may benefit from more formal follow-up at the time of completion of cancer treatment. These data support the findings of our qualitative study of women offered TFGT following a new diagnosis of breast cancer [29] . Here it was found that long-term adjustment was hindered by a sense of isolation in women with no family history, and considerable support deficits in these women were observed [29] . The study demonstrated that carriers of a diseasecausing variant were significantly more likely to have a BM than women without a variant, with uptake rates of 89 and 26%, respectively. These data confirm results from similar studies, which indicate high uptake rates amongst carriers [30] . Findings underscore that women value the certainty afforded by a positive variant result and indicate that it is the most critical variable influencing women's decision-making regarding BM. Reassuringly, at the 12-months follow-up, of the 18 carriers included in this sample, five (all with a strong family history) had already had a RRBSO (28%), 11 of those who had not had a RRBSO intended to have a RRBSO, and only one did not. These findings indicate that almost all carriers of a diseasecausing variant understand the implications of their results and translate or intend to translate them into preventative behaviours. It is positive to note that the greater reported regret around surgical decisions in women without a family history did not appear to translate to a decision not to undergo BM or RRBSO.
The strengths of this study include a high follow-up rate at 12 months (84%) and lack of differences between those lost to follow-up and those retained; surgical outcome data on BM were still available from file review for all of those lost to follow-up. All participants in this study opted to receive their TFGT results, and it is, therefore, likely that participants were self-selected for interest in genetic testing and may not be fully representative of the larger group of younger women newly diagnosed with breast cancer. However, the study was not designed to measure uptake of TFGT amongst this larger group, and other studies have already documented uptake rates, e.g., amongst consecutively recruited samples [15] . Nevertheless, study findings are generalisable to those women most likely to take up TFGT when offered. The majority of women (94.5%) reported speaking mostly English at home and thus generalisability to minorities is limited. The number of disease-causing variant carriers included in the study was small, and the study may have been underpowered to detect differences by variant status in important outcomes such as regret after receipt of results, and to detect interactions with family history status in some circumstances. This reduced our ability to determine whether all family history effects were driven by carriers of a disease-causing variant, or whether women without a known family history who did not receive results, Table 4 Uptake of risk-reducing bilateral salpingo-oophorectomy by variant status separately for women with a strong and no/minimal family history indicating presence of a variant were also experiencing additional psychological difficulties.
